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Currently we look at such classification very naturally.

Discovery of stable quasicrystals by Prof. Tsai 

and his coworkers

Classification of quasicrystals
Crystallographic view point

(1)  Rotational symmetry in diffraction

Icosahedral, Octagonal, Decagonal and Dodecagonal

(2)  Quasiperiodic translational symmetry (P- and F types)

(3)  Atomic cluster

Mackay-, Bergman-, Tsai-types

Component

Alloys:  Al-, Zn-, Cd-, Ag-, Au-,....  based alloys

Ceramics, Macromolecules, Colloid systems

Surfaces

I like to point out, this owes much to Prof. Tsai's discoveries.



Chronology of discoveries of stable quasicrystals by Prof. Tsai's group

1st generation: metastable quasicrystals; Al-Mn, Al-Mn-Si

2nd generation: stable but not high quality; Al-Li-Cu, Zn-Mg-Ga

3rd generation: stable and high quality; Al-Cu-Fe, Al-Pd-Mn, Zn-Mg-R

(Almost all discovered by Prof. Tsai's group)     Cd-Yb,.....

Stable 

phases

Prof. Shechtman opened the door, 

and Prof. Tsai found many treasure boxes.



Three types of local structures, namely clusters

Mackay-type

Al-based alloys

Bergman-type

Mainly Zn-based

Tsai-type

Cu-, Zn-, Ag-, 

Cd-, Au-,..based

Zn/Al Mg Zn/Al

Quasicrystals and Approximants in 

Cd-M Systems and Related Alloys, 

A.-P. Tsai and C.P. Gomez, in 

‘QUASICRYSTALS’ Handbook of 

Metal Physics, Edited by T. 

Fujiwara and Y. Ishii, Elsevier, 

2008.



Zn-Mg-Y

Cd-Yb phase diagram

Cd5.7Yb is quasicrystal, but again 

nobody noticed except for Prof. Tsai.

Al-Cu-Fe phase diagram

φ-phase corresponds to the icosahedral 

quasicrystal, but before Prof. Tsai, nobody 

realized it.

Cd5.7Yb

Some of them were already reported

as structurely unidentified phases.



Al-Cu-Fe icosahedral quasicrystal (1987)



Al-Pd-Mn single quasicrystal made 

by Czochralski method (1992)

Significance of discovery of stable quasicrystals
1. To improve phase purity

2. To synthesize single crystal

3. To achieve high structural quality

Essential to understand what is a quasicrystal.



Cd-Yb  Alloys - A stable binary quasicrystal, A.P. Tsai et al.,  Nature, 408 (2000) 537.

D. Kawana, T. Watanuki, A. Machida, 

T. Shobu, K. Aoki and A.-P. Tsai

First 

intermediate-

valence under 

high pressure



Hume-Rothery rules
1. Valence-electron concentration  

Matching between Fermi surface and Brillouin

zone or Jones zone

2. Atomic size factor

3. Electronegativity



5th  1996.12.16-18 (H.9)

NRIM(金属材料技術研究所), Tsukuba, Ibaraki

6th  1997.12.18-20 (H.10)

Nara Women’s University, Nara

35 presentations

7th  1999.6.16-18 (H.12)

Tohoku University (金研), Sendai

48 presentations

8th  2000.5.31-6.2 (H.13)

Nagoya University, Nagoya

55 presentations

9th  2002.5.15-17 (H.15)

NIMS, Tsukuba, Ibaraki

44 presentations

10th  2003.10.8-10 (H.16)

Sponsored by JST-CREST

Hokkaido University, Sapporo

52 presentations

11th  2005.12.12-14 (H.17)

Subtitle: Recent developments in quasicrystal research

University of Tokyo/Institute for solid state physics

42 presentations, Opening remarks: K. Uyeda

12th  2007.12.19-21 (H.19)

Tohoku University (多元研), Sendai

35 presentations, Opening remarks: A.Yamamoto

13th  2008.12.15-17 (H.20)

Zuisenkaku (瑞泉閣), Ichinoseki,  Iwate

37 presentations

14th  2009.12.17-19 (H.21)

Laforet Zao Hotels & Resort, Zao, Miyagi

37 presentations, Opening remarks: A.P. Tsai

15th  2010.12.13-15 (H.22)

Laforet Zao Hotels & Resort, Zao, Miyagi

29 presentations, Opening remarks: A.P. Tsai

Prof. Tsai had organized annual meeting on quasicrystals more than 20 years.

Unforgettable contribution to quasicrystal society in Japan

16th  2011.12.14-16  (H.23)

Hokkaido University, Sapporo  

33 presentations, Opening remarks: A.P. Tsai

17th  2012.12.19-21 (H.24)

Kinki University, HigashiOsaka

36  presentations, Opening remarks: T. Dotera

18th  2013.12.16-18 (H.25)

Tokyo University of Science, Katsushika, Tokyo

42 presentations, Opening remarks: A.P. Tsai

19th  2014.12.21-23 (H.26)

Laforet Zao Hotels & Resort, Zao, Miyagi

37 presentations, Opening remarks: A.P. Tsai

20th  2015.12.17-19 (H.27)

Tokyo University of Science, Katsushika, Tokyo

37 presentations, Opening remarks: A.P. Tsai

21st  2017.3.2-4 (H.29)

Hokkaido University, Sapporo  

35 presentations, Opening remarks: A.P. Tsai

22nd  2018.3.5-6 (H.30)

Tohoku University (TOKYO ELECTRON House ), Sendai

26 presentations, Opening remarks: A.P. Tsai

23rd  2018.12.18-19 (H.30)

Tokyo University of Science, Katsushika, Tokyo

30 presentations, Opening remarks: A.P. Tsai



E-mail from Prof. Tsai dated 15 Oct 2003 after the meeting in Sapporo



We lost very best teacher, and very best friend at the same time.

We pray that his soul may rest in peace. 


